Relatamos a síntese de 24 adutos de Morita-Baylis-Hillman (3a-3l/6a-6l) usando irradiação de microondas a 80 o C ou protocolo convencional a 0 o C para promover reações entre aldeídos aromáticos e acrilato de metila ou acrilonitrila (81-99%). Provamos que a reação de formação do acrilato de 2-hidroxi(4-bromofenil)metila é reversível a 120 o C.
Introduction
The Morita-Baylis-Hillman reaction (MBHR, Scheme 1) is one of the most powerful and versatile carbon-carbon bond forming methods in organic synthesis. 1, 2 An inconvenience associated with this reaction is the long reaction times, that last up to 65 days. 2 Due to the synthetic utility of these MoritaBaylis-Hillman adducts (MBHA), several protocols have been described to improve the reaction time and yields, such as the ultrasound use, 3 high pressures, 4 ionic liquids use 5 and several experimental protocol variations. 2 Microwave heating is an ecofriendly approach and a valuable tool for synthetic chemists because it is possible to enhance the reaction rate and, in many cases, to improve product yields. 6 There is an enormous growth of interest in this promising technique for promoting reactions. 7 Nevertheless, considering its significance, a reduced number of reports about the use of microwave irradiation promoting MBHR has been published. 8 Despite the fact that MBHR has already more than 40 years of existence, 1 the general mechanism of the reaction is still highlighted in discussions on the scientific community. The first catalytic cycle suggested by Hill and Isaacs 9 is even accepted, but being the rate-determining step (RDS) remains at the center of the debate. Differently as proposed by Hill and Isaacs, McQuade and co-workers 10 (nonprotic condition), Aggarwal (protic condition), 11 supported by Amarante et al. 12 (through electrospray ionization mass spectrometry (ESI-MS) experiments), consider the last step of this catalytic cycle as the RDS. However, these ways of thinking about this mechanism were recently expanded by Cantillo and Kappe 13 in their unified mechanistic point of view. They proposed that the RDS can be changed, depending on the reagents, additives and experimental protocols of the reactions. 13 In connection with our efforts towards the MBHR reactivity study, 14 and aiming to expand the MBHA synthesis in one easily prepared step as an effective class of antiparasitic compounds, 15 the present work show results about microwave irradiation promoting MBHR, the limitations found and, in some cases, the importance to carried out reactions at lower temperature.
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Results and Discussion
Initially, Table 1 is presented with the reactions between some aromatics aldehydes (1) and acrylonitrile (2) in the preparation of 3a-3l MBHA 5,8,14-17 (Scheme 1). Vol. 22, No. 11, 2011 Fortunately, some of these adducts were obtained in excellent yields and in a very short reaction time (entries 2, 4-8, Table 1 ) at solvent-free condition. The adduct 3c (entry 3, Table 1 ) was obtained in 70% due to the more polar byproduct formation, which presented [M] + = 257 m/z (detected by gas chromatography mass spectrometry (GC-MS) analysis) suggesting preparation of 4a (Figure 1 ), similar to that was noticed by Kundu et al. 16 Aim to minimizing this byproduct, several microwave irradiation protocols were evaluated. Satisfactorily, the microwave irradiation at 80 o C during 5 min using THF as solvent was found as the optimized condition for this reaction (entry 4, Table 1 ). Differently, the corresponding 4b and 4c byproducts ( Figure 1 ) were detected by GC-MS in very small proportion during the preparations of 3h-3i (entries 9-10, Table 1 ). However, a 4d byproduct (Scheme 1) appears once more in high amount on the preparation of 3j (entries 11, Table 1 ). The use of ethanol as solvent in the preparation of 3j increased slightly the yield (entry 12). However, reactions on preparation of 3j at 100 and 120 o C lead to lower yields.
The synthesis of 3k occurs in very low yield even after uninterrupted 2 h of microwave irradiation, in several solvents (entry 13, Table 1 ). Moreover, preparation of 3l did not occur even after a continuous 1 h irradiation (entry 14, Table 1 ). The corresponding 4e and 5a byproducts were also detected by GC-MS ( Figure 1 ). The origin of 5a is probably due to the nucleophilic Michael addition of alcohol on the activated double bounds followed by isomerization.
In 1997, Leahy and Rafel 17 have reported an unexpected rate accelerations when they performed the MBHR at 0 o C. They have rationalized this in terms of the greater stability at 0 o C of the Z-aza-enolate transition state (TS) as compared to the E-TS. 17 After that, this no common temperature effect on the exquisite MBH reaction were also described by our group 18 and by Porto et al. 19 More recently, our group presented an alternative explanation to this temperature effect, by suggesting that the entropic term (-T DS > 0) could be pivotal on the rate of the Morita-Baylis-Hillman reaction at 0 o C. 20 In the theoretical and experimental results described by Cantillo and Kappe, 13 this proposal was confirmed. These experiments carried out by Cantillo and Kappe 13 also proved that the reaction between benzaldehyde and methyl acrylate catalyzed by DABCO in methanol is reversible at 120 o C. 13 Aiming to prove the equilibrium formation in our reactions, our group performed a similar experiment carried out by Cantillo and Kappe, 13 where the pure adduct 6j (Scheme 2) was dissolved in 1 mL of methanol in the presence of DABCO (2 equiv.) and heated under microwave irradiation at 120 °C for 2 h. After that, it was observed the p-bromobenzaldehyde and methyl acrylate formation in considerable amount (ca. 55% by GC-MS). After this irradiation, the reaction mixture was carried out at 0 °C under magnetic stirring for 24 h and the equilibrium shifted once again to the formation of methyl 2-[hydroxy(4-bromophenyl)methyl]acrylate (6j) confirming as expected, the reversible nature for this sophisticated reaction (Scheme 2).
Based on these facts it was performed the synthesis of 3a, 3h, 3i and 3l adducts at lower temperature (0 °C). The results are presented in Table 2 . It is possible to highlight in Table 2 that all reactions at 0 °C occur in excellent to quantitative yields (90-99%, entries 1-12, Table 2 ). Interestingly, the adduct 3k was obtained successfully using this method, without forming any byproduct (entry 11). Moreover, the most interesting, this MBHA 3l was prepared in high yields at low temperature protocol using methanol as solvent (compare entry 14 (Table 1) vs. entry 12 (Table2)). Solvent-free condition is not efficient in this case.
Subsequently, our group investigated the reaction between aromatic aldehydes (0.5 mmol) and methyl acrylate (7) (10.6 equiv.) promoted by DABCO (0.5 mmol) on the preparations of 6a-6l. 5, 8, 14, 15, 20, 21 The reactions were microwave-promoted at 80 °C and the results are presented in Table 3 (Scheme 4).
It was observed that adducts 6b-6g were obtained in quantitative yield and short reaction times (entries 2-7, Table 3 ). However, the adducts 6a, 6h, 6i, 6j, 6k and 6l
were not formed 2 h of continuum microwave irradiation (entries 1, 8-12, Table 3 ). It was also investigated other protic and noprotic solvents such as methanol, ethanol, DMF, THF and DMSO, but the results were not satisfactory. The temperature increase did not improved yields, which may be caused by DABCO degradation at temperatures greater than 90 °C or the possible equilibrium formation when carried out at high temperature, as demonstrated in the Scheme 2.
The studies developed by Cantillo and Kappe 13 pointed the influence of temperature on constant equilibrium for the reaction in preparation of adducts 6a and 6d. They reported ca. 330 K (57 °C) to prepare 6a becomes to be endergonic, explaining the fact that this reaction occur in only moderated yield at elevated temperatures (entry 1, Table 4 ). On the other hand, this fact also fully explains our failure in the reaction using microwave irradiation at 80 °C for preparation of 6a and differently, the success in using low temperature. The similar calculations indicated that the preparation of 6d requires a higher temperature to be endergonic (ca. 107 o C). 13 Then, the excellent yields obtained in this report, when the NO 2 moiety or the 2, 3 or 4-pyridine is present in the aldehyde are understandable now.
Finally, it is presented in Table 4 (Scheme 5), our results aimed to optimize the 6a, 6h-6l MBHA yields using protocols at low temperature. In fact, this low temperature protocol was very efficient for the synthesis of adducts 6a and 6h-6l which were formed in high or quantitative yields. Our group discovered that the moderated yield obtained using methanol as solvent to prepare MBHA 6l (entry 12, Table 4 , 63%) could be significantly improved by changing of the solvent and concentration of this reaction (entry 13, Table 4 ). This work was also performed using 0.8/0.6/0.4/0.2 equiv. of DABCO as promoter. However, no efficient results were obtained. All experiments in this report were also carried out at room temperature. However, the results were far below those which were made at low temperatures or under microwave irradiation.
Conclusions
In conclusion, it is reported that the microwavepromoted MBHR at 80 o C was efficient with acrylonitrile or methyl acrylate in the more reactive aromatic aldehydes (e.g. p-nitrobenzaldehyde), resulting the high yields and very short reaction times. However, microwave irradiation MBHR at 80 o C with acrylonitrile or methyl acrylate in the less reactive aromatic aldehydes (e.g. benzaldehyde) was inefficient. In these cases, reactions carried out at 0 °C were much more efficient, by eliminating equilibria of reactions, minimizing byproducts and thus, generating excellent MBHA yields. Moreover, it was proved in the present work the reversible character of the preparation at high temperature of methyl 2-[hydroxy(4-bromophenyl) methyl] acrylate. Thus, these results were rationalized considering the possibility of thermodynamic control in MBHR. 13 In summary, it was synthesized 24 MBHA in high or quantitative yields (81-99%) by changing the experimental protocols.
Supplementary Information
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Experimental
General
All commercially available reagents and solvent were obtained from the commercial providers and used without further purification. Reactions were monitored by TLC (thin layer chromatography) using Silica gel 60 UV254 Macherey-Nagel pre-coated silica gel plates; detection was by means of a UV lamp. Flash column chromatography was performed on 300-400 mesh silica gel. Organic layers were dried over anhydrous MgSO 4 or Na 2 SO 4 prior to evaporation on a rotary evaporator. Reactions requiring microwave irradiation were performed in a microwave reactor model system Discover benchmate with temperature monitored by built-in infrared sensor. C NMR and FT-IR in accordance with the described physical data.
General procedure for the microwave-assisted synthesis of MBHA
The corresponding aldehydes (0.5 mmol), acrylonitrile (0.2 mL, 3.1 mmol) or methyl acrylate (0.5 mL, 5.3 mmol), 0.5 mL of solvent (see Tables) and DABCO (56 mg, 1 mmol) were placed in a 10 mL glass microwave tube with magnetic stirrer at 80 °C (temperature monitored by built-in infrared sensor) for 1.5-120 min. After the complete reaction, the mixture was brought to room temperature and was directly filtered through silica gel, using hexane/ethyl acetate (7:3) as solvent and the reaction products were concentrated under reduced pressure.
General procedure for the synthesis of MBHA at low temperature
Reactions were carried out using the corresponding aldehydes (0.5 mmol), acrylonitrile (0.2 mL, 3.1 mmol) or methyl acrylate (0.5 mL, 5.3 mmol), 0.5 mL of solvent (see tables) and DABCO (56 mg, 0.5 mmol) at 0 °C under stirrer for the time indicated in Tables 2 and 4. After that, the reaction media was directly filtered through silica gel, using hexane/ethyl acetate (7:3) as solvent and the reaction products were concentrated under reduced pressure.
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